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Much of the interest in using acoustic emission to monitor structural 
components is a result of the ability of the technique to detect growing 
cracks. The greatest problem standing in the way of applying this tech-
nique is the presence of signals from innocuous sources, which can make 
identification of crack-produced emission difficult, especially in those 
circumstances when cracks must be detected in real time and without other 
reliable correlation parameters. The test results presented here suggest 
an approach to eliminate spurious signals from acoustic emission data, 
which may be applicable to real time analysis and amenable to a variety·of 
monitor ing methods. 
Taken at face value, some of the better work in acoustic emission 
waveform analysis suggests severe difficulties in the path of pattern 
recognition applications. Theoretical surface response to a number of 
microscopic source models was derived by Scruby, using a half-space Green 
function [1], and some of the results verified experimentally. The surface 
displacement produced by the various sources is quite similar when viewed 
through the response of a single sensor, and it is doubtful whether source 
differences could be identified in application, especially in the presence 
of background noise. In addition, for a crack and sensor on the same sur-
face of a thick specimen, most of the energy is in the Rayleigh wavemode, 
so detection of the relatively low energy P and S modes may require satura-
tion of the recording instrumentation. 
As described here, these apparent limitations are partially overcome 
due to the way microscopic mechanisms combine to form a macroscopic event. 
In the limits where the macroscopic and microscopic source processes are 
similar, other techniques may be used to extend the usefulness of the signal 
features. 
ZB-l PRESSURE VESSEL TEST 
The first set of data to be presented was obtained by hydraulically 
loading a medium size steel pressure vessel, designated ZB-l. This 
project was funded by the u. S. Nuclear Requlatory Commisison [2J. Three 
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flaws were produced by notching and fatigue cycling a steel patch, which 
was then welded into a side of the vessel, and an unflawed patch of degraded 
steel was welded in on the opposite side of the vessel. Signals were de-
tected through two foot long waveguide sensors made of 308 welding rod 
mounted by drilling and tapping the vessel wall. Along with waveforms, 
source location and other standard acoustic emission parameters were ob-
tained. 
Source location, load position (the location of the event on the load 
cycle), signal amplitude, and operator interpretation of the test con-
ditions were used to identify the source of detected events. The waveforms 
of Figure 1 are typical of signals from crack growth in the flawed notches 
of the insert. The obvious characteristics of these signals were the dis-
tinctness and consistency of the three-pulse pattern. The first two pulses 
in the signals are caused by a longitudinal wavegroup, a second group 
traveling with approximately the shear wave speed, while the third pulse is 
an internal reflection of the first. The top two signals in Figure 1 
originated at flaws in the outside of the vessel on the same side of the 
wall as the sensor, and therefore, are probably were the response of the 
rod to an incident Rayleigh wave. Waveforms from crack growth in the weld 
arcund the degraded steel patch, illustrated in Figure 2, show the same 
characteristic pattern. The lower Figure 1 signal is composed of a small 
number of similar response patterns and is always associated with a flaw on 
the inner wall of the vessel. 
The type of signal associated with crack growth was not producible by 
any recognized noise source. Electronic noise would not produce the three-
pulse response as it doesnot pass through the waveguide, and so does not 
have the waveguide characteristics as seen in Figure 3. Other noise signals 
whose sources are known, principally noise from oxide fracture and 
(probably) noise from a loose manhole cover, also occurred on the pressure 
vessel. Surprisingly, the waveguide response cannot be discerned in signals 
from these sources either. Figure 4 shows waveforms of events known to be 
caused by oxide fracture on the inside of the vessel wall. Oxide fracture 
is itself a brittle fracture process, and one would therefore suppose that 
the microsource process is the same as metallic fracture. The explanation 
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Fig. 2. Crack-Growth Acoustic Emission from Weld Region. 
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Fig. 3. Electronic Noise. 
of the observed signal characteristics appears to lie in the occurrence of 
oxide fracture as a macrosource process composed of a large number of 
sequential microscopic events. Signals ascribed to the manhole cover are 
similarly extended and lack an easily identifiable waveguide response, 
although verification of this source is rendered more difficult by the 
absence of accurate source location due to the origin of these events being 
on an endcap of the vessel. 
A simple pattern recognition scheme was devised which produced correct 
source identificat ion in nearly 10,000 sequential waveforms of greater than 
95%. Classification was carried out by creating templates using the enve-
lopes of crack-related signals and cross-correlating test signals with the 
templates. If the maximum correlation coefficient exceeded a set cut-off 
value, the signal was classified as crack-related and otherwise discarded. 
Of the test data, over 900 randomly chosen signals were verified directly 
by examination and correlation with source location and load position 
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information. Missed signals included some events from the inside wall flaw 
for which no template was used, and signals of such low amplitude that 
their characteristics were obscured by the resolution of the digitizing 
instrument. 
Electronic noise cannot be so easily discarded if waveguide sensors 
are not used, but the signal characteristics ofmacroscopic events should 
be detectable by surface-mounted sensors. If so, this concept could enable 
a fairly large number of noise sources to be relatively easily discerned in 
a variety of applications. 
SIMULATED JOINT SPECIMENS 
A set of tests were performed for the NADC under vastly different 
conditions than those described above_ The NADC tests used thin aluminum 
simulated joint specimens with surface-mounted sensors. The specimens were 
flat plates, four inches wide and about 14 inches long; one specimen being 
.75 inch and the other .15 inch thick. Both specimens contained a large 
hole at one end, through which a pin was inserted to attach the specimen to 
the test frame. The specimens were cyclically stressed in two phases. The 
first phase was to produce and record fretting acoustic emission alone from 
rotation of the specimen abcut the pin. For the second phase, the specimen 
was notched near the edge of the hole and a fatigue crack grown and emission 
recorded. During this second phase, fretting was reduced by polishing and 
lubricating the test joint. 
Since fretting is caused by friction between two surfaces, the emission 
from fretting should be a macro-event, comprised of a number of microsources, 
each microsource being the breaking of a single microweld or the release of 
a single catch point on the microscopically rough surfaces. Since crack 
growth should be a single microscopic event, as seen in the ZB-l vessel 
data, acoustic emission from cracking should be discernable on the basis of 
its relatively short duration compared to the fretting signals. 
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Typical waveforms for crack growth and fretting signals taken from the 
.75 inch thick specimen are shown in Figure 5, where the signal from the 
fretting portion of the test is obviously of much greater duration than the 
crack-growth event, and does not show a clearly defined initial peak. The 
fretting characteristics shown in the figure are also found in fretting 
signals generated dur ing the crack growth phase of the test. 
The case is not so clear-cut for emission from the 0.15 inch thick 
specimen. Figure 6 compares crack-related acoustic emission to a waveform 
obtained during the fretting phase, and although the fretting signal is 
again somewhat more extended than the crack signal, the distinguishing 
characteristics found in previous macrosource emission are becoming less 
evident. Increasing similarity of the fretting signal characteristics to 
the proposed microsource characteristics of crack growth waveforms may 
result from the reduced surface area contributing to fretting events, due, 
in turn, to reduction in specimen thickness. During the crack-growth phase 
of the test, emission was found which was attributed to fretting on the 
basis of the position of the event on the load curve. This emission went 
one step further, in that it was visually indistinguishable from crack-
growth emission. 
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Fig. 5. Crack Growth (top) and Fretting (bot tom) from 
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Fig. 6. Crack Growth (top) and Fretting (bottom) from 
0.15 Inch Thick Aluminum Specimen. 
Correct source identification of about 85% or better was obtained using 
either frequency or autocorrelation features, combined with statistical 
analysis techniques, which were not derived from or correlated with specific 
source processes. The problem which arose was that particular features and 
feature values which worked well on a particular data set (specimen type and 
sensor location) did not work well on other data, allowing analysis only after 
the data sets were obtained and requiring retraining of the algorithm. The 
difficulty with this phenomenological approach of simply applying available 
features is that there is no way to determine the ultimate cause of the values 
obtained, whether the cause is geometrical or actually some fundamental 
source-related process. The statistical techniques used, however, illustrated 
that overlapping two-category data can be separated, providing that good 
features are available. 
CONCLUSION 
An approach to identifying acoustic emission from crack-growth from amo~g 
types of noise now begins to present itself. Insofar as crack-growth emission 
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is due to a single microsource, characterization of the sensor response 
to such a signal should aIIow the elimination of most macrosource-type 
processes, and the Iower Iimits of discrimination extended by charac-
terizing crack growth stohastically to account for random variations in 
the data and possibly, small geometric effects. 
For any set of features, it may be possib1e to imagine a noise pro-
cess which renders those features use1ess for source discrimination, 
but by combining the most successfu1 approaches, it may eventua11y be 
possib1e to discern acoustic emission caused by a growing crack from 
alI of the common1y occurring noise sources. 
REFERENCES 
1. C. B. Scruby, "Quantitative Acoustic Emission Techniques", AERE-R 
11261, AERE Harwe11, Oxfordshire, Eng1and; Ju1y 1984. 
2. P. H. Hutton, R. J. Kurtz, R. A. Pappas, J. F. Dawson, L. S. Dake, 
and J. R. Skorpik, "Acoustic Emission Resu1ts Obtained from 
Testing the ZB-1 Intermediate Sca1e Pressure Vesse1", NUREG/CR-3915, 
PNL 5184, R5, 65; September 1985. 
343 
